To assess the utility of screening magnetic resonance (MR) imaging in the detection of otherwise occult breast cancers in women with a history of lobular carcinoma in situ (LCIS).
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Sung et al cases of LCIS diagnosed at percutaneous biopsy at our institution. Of these 840 breast MR examinations, 670 were performed as routine screening studies and 170 were performed as short-term follow-up studies. Breast MR imaging was performed with the patient in the prone position. Examinations were performed with a 1.5-or 3.0-T commercially available system (Sigma; GE Medical Systems, Milwaukee, Wis) and use of a dedicated surface breast coil. Imaging sequences included a localizing sequence, a sagittal fat-suppressed T2-weighted sequence, and a T1-weighted three-dimensional, fat-suppressed fast spoiled gradientecho sequence before and three times after rapid bolus injection of 0.1 mmol/L gadopentetate dimeglumine ( Magnevist; Berlex, Wayne, NJ) per kilogram of body weight. Table 1 outlines our standard imaging protocol.
All breast MR images were interpreted by dedicated breast imaging radiologists in conjunction with review of the clinical history and other available breast images. For each case, a fi nal assessment was assigned by using American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) categories 1 to 5 ( 14 ) . Classifi cation primarily was based on lesion morphology, which was characterized as masslike or non-masslike enhancement. Kinetic features were visually assessed on the three contrast detection of breast cancer is high, ranging from 94% to 100%; however, specifi city is lower, ranging from 37% to 97% and resulting in additional biopsies that yield normal fi ndings, increased patient anxiety, and increased health care costs ( 1, (8) (9) (10) . These reasons underscore the importance of selecting appropriate patients for supplemental breast MR screening. On the basis of expert consensus opinion, the American Cancer Society, American College of Radiology, and Society of Breast Imaging recommend annual screening MR imaging as an adjunct to annual mammography in women with a lifetime risk of developing breast cancer of 20% or more ( 11, 12 ) . This recommendation is primarily based on experience in women who have a high risk of developing breast cancer because of a strong family history of disease or because of a gene mutation. To our knowledge, only one published study has been performed to evaluate the utility of screening breast MR imaging in women with a history of LCIS and atypical hyperplasia ( 13 ) . Thus, the American Cancer Society states that there is insuffi cient evidence to recommend for or against MR screening in this population ( 12 ) . The purpose of this study was to assess the utility of screening MR imaging in the detection of otherwise occult breast cancers in women with a history of LCIS.
Materials and Methods
Our institutional review board approved this Health Insurance Portability and Accountability Act-compliant study, and the need for patient informed consent was waived. Retrospective review of the radiology department database revealed 840 breast MR examinations performed at our institution between January 2003 and September 2008 in 220 women with a history of LCIS diagnosis before 2006 at percutaneous or surgical biopsy. Surgical excision is recommended for all A lthough a woman's average lifetime risk of developing breast cancer is one in eight, several factors increase her risk of developing breast cancer; these include genetic predisposition to develop breast cancer, family and/or personal history of breast cancer, and history of mantle radiation ( 1-3 ). A biopsy-proved diagnosis of lobular carcinoma in situ (LCIS) is also associated with an increased risk of breast cancer, resulting in a seven-to 12-fold increased relative risk estimate ( 4, 5 ) . The true incidence of LCIS is unknown, as LCIS is rarely mammographically visible and is usually an incidental fi nding at biopsy performed for other reasons. LCIS is commonly considered an indicator for risk of developing subsequent breast cancer as opposed to a precursor of invasive carcinoma ( 4, 6 ) . The interval between initial diagnosis of LCIS to development of subsequent cancer may be long; in fact, it has been reported to be more than 15 years in over 50% of cases ( 5, 7 ) .
The optimal strategy for screening all women at increased risk of developing breast cancer has yet to be established. Several groups recommend supplemental screening with magnetic resonance (MR) imaging in certain subgroups of women at high risk for breast cancer. The sensitivity of breast MR imaging in the
Implication for Patient Care
Annual screening MR imaging n may be useful as an adjunct to annual mammography in women with a history of LCIS.
Advances in Knowledge
Screening breast MR imaging n performed in women with a history of lobular carcinoma in situ (LCIS) resulted in a 4.5% incremental cancer detection rate.
In patients with LCIS who had no n additional risk factors for breast cancer, screening breast MR imaging revealed malignancy in 5% of patients who underwent screening.
The 12 mammographically occult n cancers detected at screening MR imaging included three cases of DCIS and nine cases of early T1 invasive cancers.
Five cancers detected during the n study period were detected only with mammography. A total of 504 (75%) MR studies were assigned to BI-RADS category 1 or 2. Short interval follow-up was recommended in 108 studies (16%), mainly for diffuse stippled enhancement. Follow-up images were obtained in all but four cases. For the other 104 studies assigned to BI-RADS category 3, the abnormalities were either resolved or unchanged, and none of the studies resulted in a diagnosis of cancer. In the remaining 58 studies (9%), 63 lesions (fi ve bilateral lesions) were assigned to BI-RADS category 4. Biopsy was also recommended in eight additional lesions identifi ed at follow-up imaging. Thus, biopsy was recommended for 71 lesions in 59 (27%) of 220 patients at some time during the study period. Of these 71 lesions, 47 (66%) had masslike enhancement and 24 (34%) had nonmasslike enhancement, including 20 with clumped enhancement and four with linear enhancement.
Of the 71 BI-RADS category 4 lesions, mammography was performed Sensitivity and specifi city were determined on a per-patient basis. The exact 95% binomial proportion confi dence intervals were calculated by using methods described by Clopper and Pearson ( 15 ) . The McNemar test was used to evaluate paired data ( 16 ) . Associations between categorical variables were assessed by using the Pearson x 2 test for large sample sizes and the Fisher exact test for small sample sizes (whenever a cell contained fewer than fi ve observations). Findings were considered significant at P , .05. To evaluate the accuracy of MR imaging and mammography in the detec tion of breast cancer, patientlevel analysis was conducted. Diagnostic test accuracy was evaluated by using receiver operating characteristics curve analysis and estimating the area under the receiver operating characteristics curve ( 17 ) . Cumulative incidence of developing breast cancer as detected with MR imaging and mammography were plotted by using the methods of Fine and Gray ( 18 ) . The Gray test was performed to assess the signifi cance of breast density as a prognostic factor in the cumulative incidence analysis ( 19 ) . All statistical analyses were performed with commercially available software (PASW Statistics, version 18.0; SPSS, Chicago, Ill).
Results

MR Findings
A total of 840 breast MR imaging examinations were performed in 220 women with a history of LCIS. Of these, 670 were routine screening studies. A median material-enhanced images. Quantitative kinetic curves were generated in specifi c cases at the request of the interpreting radiologist.
For lesions detected with MR imaging that warranted biopsy, targeted breast ultrasonography (US) was recommended at the discretion of the radiologist interpreting the MR images if it was thought that the lesion might be evident at US, thereby enabling USguided biopsy. If the lesion was not seen at US, MR-guided core biopsy or needle localization prior to surgical excision was performed.
Medical records of the 220 women were reviewed to determine the age at LCIS diagnosis, the interval between the LCIS diagnosis and MR examination, and the presence of additional risk factors, including family history of breast cancer, which was defi ned as breast cancer in a fi rst-degree relative. Patients with a personal history of breast cancer were excluded.
We reviewed the most recent digital or screen-fi lm mammographic reports for each MR imaging study to determine whether an abnormality identifi ed at either MR imaging or mammography was detected with the other modality. Mammographic fi ndings were reported according to the American College of Radiology BI-RADS lexicon.
Pathologic records were reviewed for the results of biopsies performed with mammographic, US, or MR guidance. Biopsy results were used to categorize lesions as benign, malignant, or high risk. The number of cancers diagnosed, the method of detection, and the characteristics of cancers were examined. In addition to the 12 cancers detected at MR imaging, fi ve additional cancers were detected at mammography alone. MR images had been obtained within 6 months of the abnormal mammogram . These fi ve cancers appeared as calcifi cations on mammograms. Breasts were heterogeneously dense in four patients and extremely dense in one patient. Biopsy of calcifi cations was performed in 20 additional patients in whom no abnormality was identifi ed on MR images .
The biopsy recommendation rate per patient was higher for MR imaging than for mammography (27% [59 of 220 patients] vs 12% [25 of 214 patients], P , .0001). Although more cancers were detected with MR imaging, the cumulative incidence was not signifi cantly different between varying breast densities, as shown by competing risk analysis (MR imaging, P = .62; mammography, P = .86) ( Figure ) . Overall, MR imaging resulted in higher sensitivity, lower specifi city, and higher accuracy when compared with mammography ( Table 3 ) .
Discussion
Early detection of breast cancer with mammographic screening has resulted in increased survival ( 20 ) . Supplemental screening with annual breast MR imaging has been shown to enable detection were obtained in fi ve lesions, less than 1 year of follow-up data were obtained in two lesions, and no follow-up data were available in two lesions.
Mammographic Findings
In an additional 25 patients, mammograms showed suspicious calcifi cations, whereas MR images did not. In one patient, bilateral suspicious calcifi cations were present; therefore, a total of 26 suspicious lesions were seen on mammograms. In 20 of these cases, MR imaging was performed within 6 months of mammography , and both examinations were performed within 12 months of each other in all cases (median interval between examinations, 1 month; range, , 1 day to 12 months). Stereotactic biopsy was performed in 25 lesions and revealed invasive carcinoma in two and DCIS in three.
During the study period, we diagnosed 17 breast cancers in 14 patients ( Table 2 ) . Breast cancer developed in the same breast as LCIS in fi ve patients and in the contralateral breast in eight patients. In one patient, bilateral DCIS was initially diagnosed when lesions were detected in the left breast at MR imaging and in the right breast at mammography; this patient underwent treatment and invasive left breast cancer was subsequently diagnosed at MR imaging performed at 8-month follow-up. Of the 17 cancers detected, 12 (71%) were detected with MR imaging alone and fi ve (29%) were detected with mammography alone. Four of the cancers detected with MR imaging were identifi ed at the fi rst screening MR examination; these represented incidental cancers. The interval between the MR examination in which the cancer was detected and the prior MR examination was 6 months for three cancers, 8 months for one cancer , 12 months for two cancers, 18 months for one cancer, and 4 years for one cancer. Of the 12 cancers detected with MR imaging alone, negative mammographic fi ndings had been obtained within 1 month of MR imaging in seven cases and between 1 and 6 months of MR imaging in fi ve cases. The 12 mammographically occult cancers were classifi ed as either DCIS or T1 invasive within 1 month after MR imaging in 37 (52%) of the 71 lesions, between 1 month and 6 months after MR imaging in 25 (35%) lesions, and between 7 and 12 months after MR imaging in eight (11%) lesions. One patient did not undergo mammography within 1 year after MR imaging. A mammographic correlate was identifi ed in two (3%) of 71 lesions. Targeted US was performed at the discretion of the radiologist in 47 (66%) of 71 lesions that were deemed suspicious at MR imaging. A US correlate was identifi ed in 19 (40%) of 47 lesions. The US correlates were masses in 18 cases and distortion in one case.
Biopsy was performed in 60 of the 71 lesions. We used MR imaging guidance in 44 (73%) lesions, US guidance in 14 (23%), and mammographic guidance in two (3%). Eleven lesions were not sampled. In three cases, MR-guided biopsy was cancelled because the lesion was not seen when the biopsy was to be performed. Seven lesions underwent short-term interval follow-up once no correlate or a benign-appearing correlate was seen on targeted US images. The initial abnormality either resolved or was stable at follow-up examinations, which were performed 6 months to 5 years after the initial examination. One patient was lost to follow-up.
In the 60 lesions biopsied on the basis of MR fi ndings, pathologic analysis yielded benign results in 27 (45%), high-risk lesions in 21 (35%), and malignancy in 12 (20%), including one case of a high-risk lesion that was malignant (ductal carcinoma in situ [DCIS]) at subsequent excision. Of the 12 cancers, seven were invasive ductal carcinoma, two were invasive lobular carcinoma, and three were DCIS. Ten of 12 cancers identifi ed at MR imaging manifested as masslike lesions, and two manifested as clumped non-masslike enhancement. The high-risk lesions included 13 cases of LCIS, fi ve papillary lesions, two cases of atypia, and one radial scar. At least 2 years of follow-up data were available for 39 of the 48 lesions classifi ed as benign or high risk at biopsy, which enabled us to confi rm that they were stable. For the remaining nine lesions, between 1 and 2 years of follow-up data
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Sung et al that the risk of breast cancer is greatest in the fi rst 15 years after LCIS diagnosis; in another study, researchers found that more than 50% of subsequent cancers develop more than 15 years after LCIS diagnosis ( 4, 7, 25 ) . In our study, the median interval between diagnosis of LCIS and the fi rst invasive cancer was 4 years; the interval was less than 15 years in all patients. Subsequent breast cancer developed in the ipsilateral breast in fi ve patients and in the contralateral breast in eight patients. One patient developed bilateral breast cancer. Although the risk of subsequent breast cancer in patients with LCIS is program for women who had a high risk of developing breast cancer ( 13 ) . In that study, MR imaging depicted mammographically occult cancers in 4% of patients who underwent screening. In our study, MR imaging and mammography resulted in an incremental cancer detection rate of 4.5% (10 cancers detected in 220 patients; 95% confi dence interval: 2%, 8%), which is within the 2%-7% range of cancers detected only at MR imaging in other high-risk populations ( 1, 23, 24 ) . The interval between diagnosis of LCIS and development of carcinoma is unclear. In one study, researchers found of otherwise occult breast cancers in women who are at high risk of developing breast cancer because of a strong family history of the disease or because of a genetic mutation ( 1, (21) (22) (23) (24) . To date, however, there is little evidence to support use of screening MR imaging specifi cally in this subset of women at high risk of developing breast cancer because of a history of LCIS. To our knowledge, there has been only one published study in which researchers evaluated the utility of screening breast MR imaging in women with LCIS ; the study included 135 patients with LCIS who were enrolled in a screening BREAST IMAGING: Lobular Carcinoma in Situ Sung et al Graph shows estimated cumulative incidence curves for detection with MR imaging and detection with mammography as competing events for each type of breast density. ED = extremely dense, HD = heterogeneously dense, SFD = scattered fi broglandular density. known to be bilateral, some authors have reported that cancer is three times more likely to develop in the ipsilateral breast ( 4, 5 ) . All 12 mammographically occult cancers detected only at MR imaging were either DCIS or T1 invasive cancers. Axillary lymph nodes were involved in three patients. These results support existing evidence that MR imaging is more sensitive than mammography in the detection of early invasive breast cancers in women who are at high risk of developing breast cancer because of a genetic mutation or a strong family history of the disease ( 22, 26 ) . This may be because patients with early invasive breast cancers have subtle mammographic fi ndings that are obscured by the underlying breast density. In our study, the fi ve cancers that were detected mammographically and were not evident at MR imaging all manifested as microcalcifi cations. Calcifi cations are more common in patients with in situ carcinomas and are less likely to be obscured by dense breast tissue than are masses or architectural distortions. Our data are consistent with those of prior reports in which the authors concluded that screening in patients with a hereditary risk of breast cancer by using a combination of MR imaging and mammography is more effective than screening with either modality alone ( 27 ) .
The biopsy recommendation rate was higher for MR imaging than for mammography. Biopsy was recommended on the basis of MR fi ndings in 59 (27%) of 220 women (positive predictive value, 17%). Our biopsy recommendation rate was higher than the range (2.9%-15.8%) reported when MR imaging was used to screen other women at high risk for developing cancer; in those studies, the positive predictive value varied widely, ranging from 17% to 89% ( 1, 21, 22, 26 ) . As in prior studies, the improved cancer detection yield with MR imaging was associated with additional false-positive outcomes, resulting in benign biopsy fi ndings. Thus, physicians should discuss with patients the possibility that they may have to undergo a biopsy that yields benign fi ndings or a series of short-term follow-up examinations in addition to annual MR screening .
Our study had several limitations. This was a retrospective study, and our sample size was small. The number of MR examinations performed per patient and the timing of mammography and MR imaging relative to one another varied. At our institution, screening breast MR imaging is not routinely recommended in any patient with LCIS.
The decision to perform screening MR examinations is at the discretion of the referring physician and the patient and may have contributed to a selection bias. Although the majority of mammograms were obtained with the digital technique, screen-fi lm mammograms were also obtained; this might have affected cancer detection, particularly in younger patients. The potential harms associated with breast cancer surveillance should be considered. The cost-effectiveness of screening with a combination of mammography and MR imaging has been demonstrated in women with a hereditary risk of breast cancer ( 28 ) . False-positive MR imaging results lead to additional biopsies and increased patient anxiety. Also, while supplemental MR screening may increase detection of early breast cancers, it is unclear whether this translates to reduced morbidity and mortality within this population.
In conclusion, MR imaging is a useful adjunct modality with which to perform screening in women with a history of LCIS who are at high risk for breast cancer, resulting in a 4.5% (95% confi dence interval: 2%, 8%) incremental cancer detection rate. In patients with LCIS and no additional risk factors for breast cancer, MR imaging revealed malignancy in 5% (95% confi dence interval: 2%, 10%) of patients screened. However, MR imaging should be used in addition to and not in place of mammography in this population, as sensitivity in the detection of breast cancers with a combination of MR imaging and mammography was higher than that of either modality alone. 
